mediumlmin, and methylcyclohexane (0.5 % or I %, v/v) was added to a mineral salts medium (Davis & Raymond, 1961) containing I ml trace metal mixture/l (Bauchop & 
Elsden, I 960).
Measurement of growth. Growth was measured by a modification of the method of Manfredi & Wang (1972). Samples were mixed with 3 vol. of propionic acid to emulsify the hydrocarbon and aqueous layers. After 15 min at room temperature, was measured and related to dry weight of organisms by a standard curve prepared by using washed suspensions containing methylcyclohexane.
Preparation of washed suspensions of bacteria. Organisms were harvested by centrifuging (23000 g, 15 min, 25 "C), washed twice with 10 mwsodium phosphate buffer, pH 7.0, and resuspended in the same buffer.
Measurement of oxygen uptake. Oxygen consumption was measured at 30 "C using an oxygen electrode (Rank Bros., Bottisham, Cambridge) . Incubation mixtures contained sodium phosphate buffer (20 pmol), substrate (300 pmol) and bacterial suspension (9 to 18 mg dry wt) in 3.0 ml.
Extraction and analysis of culture supernatants. Organisms were harvested by centrifuging 
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The extraction of compounds A and B from culture supernatants and subsequent combined gas liquid chromatography-mass spectrometry are described in Methods.
as above and samples of culture supernatant (50 ml) were then extracted rapidly, without shaking, with an equal volume of diethyl ether to remove the remaining hydrocarbon. The remaining aqueous fractions were evaporated to approximately 0.5 ml with a rotary evaporator under reduced pressure at 60 "C. The residues were taken up in methanol (2.5 ml) and subjected to gas liquid chromatography using two prepacked coiled glass columns ( I '83 m x 2.0 mm internal diameter), one containing 3 % methylsilicone gum (SE 30) on IOO to 120 mesh Gas Chrome Q, the other 1 0 % Apiezon L on IOO to 120 mesh Diatomite C (Pye Unicam Ltd, Cambridge). A Pye model 104 gas chromatograph fitted with a flame ionization detector was used and operating conditions were: carrier gas (N2) at 40 ml/min, oven temperature 180 to 200 "C, and detector temperature 225 "C. Gas liquid chromatography-mass spectrometry. The mass spectrometer used was an AEI MS 30 (Associated Electrical Industries) and separation was effected by gas chromatography on 10 yo Apiezon L under the conditions described above using He as carrier gas.
Chemicals. Methylcyclohexane was obtained from BDH Ltd, Poole, Dorset, and contained some cyclohexane (1.8 %, v/v) and unidentified components (0.2 %, v/v); 2-, 3-and 4-methylcyclohexanol and 2-3-and 4-methylcyclohexanone were purchased from Eastman Kodak Ltd, Kirby, Liverpool. All other chemicals were of the highest grade available commercially.
RESULTS
Growth studies
For optimum growth of Nocardia petroleophila on methylcyclohexane, organisms were initially grown on nutrient broth (0.8 yo w/v, Difco), harvested during exponential growth, washed aseptically, and resuspended in sterile sodium phosphate buffer (10 mM, pH 7.0) which was then inoculated into mineral salts medium containing hydrocarbon (0.2 g dry wt of organisms/l medium). Yields of up to 0.75 g dry wt of organisms/g of methylcyclohexane were recorded though growth was slow (mean generation time approx. 40 h at 30 "C).
Identijication of methylcyclohexane metabolites in the culture medium
Residues from exponential phase culture supernatants, dissolved in methanol, reacted with 2,4-dinitrophenylhydrazine indicating the presence of a carbonyl compound. Gas liquid chromatography of these residues on methylsilicone gum (SE 30) at 180 "C showed two overlapping peaks with retention times of 2.0 and 2-3 min respectively. All isomers of methylcyclohexanol and methylcyclohexanone have retention times of between 2.0 and 2-3 min. Retention times for the two components on 10 yo Apiezon L at 200 "C were 1-5 and 2.9 min respectively, whilst those for 2-, 3-and 4-methylcyclohexanol were 2.4, 1-5 and 2-3 min respectively and for 2-, 3-and 4-methylcyclohexanone were 3.0, 2.9 and 3.2 min respectively. This data was consistent with the two unknown compounds, A and B, being 3-methylcyclohexanol and 3-methylcyclohexanone. Mass spectra, obtained by combined gas chromatography-mass spectrometry, of these two isolated compounds and authentic compounds were the same (Table I) . Mass spectra of the other isomers were clearly different.
The absence of these compounds from stationary-phase culture supernatants suggests that they are further utilized by the micro-organism. The maximum concentrations (uncorrected for extraction losses) of 3-methylcyclohexanol and 3-methylcyclohexanone detected in exponential phase cultures were 1.6 and 1.0 mM respectively. However, upon adding either sodium arsenite (5 mM) or 2,4-dinitrophenol (5 mM) to growing cultures 60 h after inoculation into methylcyclohexane medium, these amounts increased to 18 and 9 mM respectively. Addition of inhibitor rapidly and completely inhibited growth, accumulation of the alcohol and ketone occurred over the following 20 to 30 h and they were not further utilized.
Po larograph ic studies Washed suspensions, prepared from exponential phase organisms growing on methylcyclohexane, oxidized methylcyclohexane, ~-methy1cyclohexanol and 3-methylcyclohexanone at rates of 30, 57 and 60 nmol 0, utilized/mg dry wt/h respectively. These values have been corrected for the endogenous rate which was 26 nmol O2 utilized/mg dry wt/h. The remaining isomers of methylcyclohexanol and methylcyclohexanone did not stimulate oxygen uptake above the endogenous level.
D I S C U S S I O N
The results demonstrate that Nocardia petroleophila (NCIBg438) possesses the unusual capability of growth on an alicyclic hydrocarbon as the sole carbon and energy source, and the high yields indicate efficient utilization of the hydrocarbon. The detection of 3-methylcyclohexanol and 3-methylcyclohexanone in the culture medium during exponential growth and the increase in their concentrations resulting from addition of inhibitors suggest that these compounds are intermediates in methylcyclohexane catabolism. This hypothesis is further supported by the ability of washed suspensions to oxidize these compounds and their inability to oxidize the other isomers. Although the absolute rates are low, they represent approximately twice the rate obtained for methylcyclohexane. These compounds have not been detected previously as microbial catabolites and their identification indicates that the initial step in methylcyclohexane degradation may be oxygenation to form 3-methylcyclohexanol followed by dehydrogenation to form the ketone, 3-methylcyclohexanone. The latter step would be analogous to the initial reaction in cyclohexanol degradation by Acinetobacter NCIBg87I (Norris & Trudgill, 1 9 7 I) and probably by Nocardia globerula (Norris & Trudgill, I 971). Confirmation that these compounds are bona$de intermediates awaits the detection of the appropriate enzymes in cell-free systems.
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